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Abstract 
 
This thesis will apply the past research and methodologies of Real Options to Tower 2 and 
Tower 3 of the World Trade Center redevelopment project in New York, NY.  The qualitative 
component of the thesis investigates the history behind the stalled development of Towers 2 and 
3 and examines a potential contingency that could have mitigated the market risk.  The 
quantitative component builds upon that story and creates a hypothetical Real Options case as 
a framework for applying and valuing building use flexibility in a large-scale, politically charged, 
real estate development project.  Through this demonstration, it is observed that applying Real 
Options “in” the World Trade Center Towers 2 and 3 projects minimizes losses in weaker markets 
and maximizes gains in stronger markets. 
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CHAPTER 1 -  INTRODUCTION  
 
This thesis will apply past research and methodologies of real options to Tower 2 and Tower 3 
of the World Trade Center (“WTC”) redevelopment project in New York, NY.  Towers 2 and 3 
serve as the edge buildings of the WTC site and have been stalled indefinitely due to the 2008 
economic downturn. Despite the political and emotional climate pressuring for the completion 
of the towers, the developer has been unable to secure financing because lenders and the 
involved city agencies do not want to support the addition four million square feet of empty 
office space in the current economic environment. 
This thesis does not intend to provide a solution to the current issues of the WTC, but it 
intends to apply a framework of how the application of real options could improve the 
economic value of a large-scale real estate development project.  Specifically, it will value the 
flexibility of switching building uses (from office to residential use or vice versa).  
It is anticipated, through the demonstration of real options analysis on a hypothetical 
strategy plan focused on WTC Towers 2 and 3, a developer can mitigate market risks and take 
advantage of stronger markets.  By applying real options early on the design/planning, the 
expected net value of Towers 2 and 3 could increase.         
1.1   Background and Objective 
The redevelopment of the World Trade Center (“WTC”) has been one of the most 
controversial projects in recent history.  Months following the collapse of the original Towers in 
September 2001, the developer of the WTC project, Silverstein Properties Inc. (“SPI”), the Port 
Authority of New York and New Jersey (“PA”), the Lower Manhattan Development Corporation 
(“LMDC”) and other government officials developed a plan for six towers consisting of 12 million 
square feet of office space.  During the initial planning process, the goal to replace and 
upgrade the original 11 million square feet of office space the “Downtown of the 21st Century” 
did not warrant any debate.  After almost eight years of careful planning and design, only one 
of the six originally planned towers stand completed as of 2009.  The project’s delay has 
consisted of designs debates, insurance disputes, construction delays and, currently, the global 
economic crisis.  
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Figure 1-1 - World Trade Center Plan 
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Of the six planned towers, SPI, who had leased the entire World Trade Center 16-acre site 
in 2001, is responsible for building four of the towers: WTC Towers 2, 3, 4 and 7 WTC.  As of Spring 
of 2009, WTC Tower 4 is under construction, 7 WTC was completed in 2006, and WTC Towers 2 
and 3 are currently on hold and under heavy debate.   
Because the economic meltdown and the fall of Wall Street has reduced the perceived 
market demand for two speculative office towers, SPI has been unable to secure the required 
financing to secure construction loans for Towers 2 and 3, which combined will have four million 
square feet of commercial office space.  SPI has turned to the PA, who has resumed 
responsibility for the development of the iconic World Trade Center 1 (previously known as the 
Freedom Tower), to financially back and support the developments of SPI’s two remaining 
towers.  The PA believes that their focus should not be spent on speculative office towers 
especially given the current economic conditions, however did agree to fund half of Tower 4 – a 
tower the PA and other city agencies will eventually occupy. 
The World Trade Center Redevelopment is not a typical real estate development project.  
It cannot remain on hold until market conditions improve.  The WTC is a highly visible and 
politically sensitive project that must be completed to be a success.  The LDMC, created by 
Governor George Pataki and then-Mayor Rudolf Giuliani to oversee the redevelopment of 
Lower Manhattan and the WTC, created a Blueprint for Renewal specifically for the WTC stating 
that the primary goal is to: 
 
“Respect the site of the World Trade Center as a place of remembrance, and reserve an 
area of the site for one or more permanent memorials.  The attack on the World Trade 
Center has permanently changed the lives of the family members and friends of those 
who died, as well as the many people who survived or were touched by this tragedy.  
The need to heal and remember must not be lost amid the need to rebuild.  A sacred, 
respectful memorial must be erected to honor the thousands who perished and the 
emergency responders who gave their lives in the line of duty.  The memorial and its 
surroundings must be well integrated.” (LDMC – Blue Print for Renewal 2002 ) 
 
In addition to the political pressures asserted by officials and the public, the developer, 
who is leasing the land from the PA for 99 years, is required to complete the construction of 
Towers 2 and 3 by 2012 or the developer will cede the development rights back to the PA.  
As of July 2009, a completion date for Towers 2 and 3 have yet to be determined.  In 
2002, the anticipated completion date of the entire WTC development was 2010.  By 2006, the 
anticipated completion of WTC 2 and WTC 3 was pushed back to 2010 and 2012, respectively.  
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Because of the current economic downturn, causing the inability for the developer to secure 
financing, the expected completion date for the two Towers has been delayed indefinitely.  As 
financial firms are downsizing and cutting costs, the demand for office space is weakening.  
Given the political and contractual urgency to complete towers, it could be argued that 
those responsible for the overall planning of the site could have incorporated flexibility, 
particularly the option to switch building uses, in the earlier design and planning stages to 
improve the chances of a completed World Trade Center.  Perhaps the flexibility to switch from 
an office to a residential building may have given Tower 2 and Tower 3 an opportunity to take 
advantage of a stronger market and gain the confidence of public and private investors it 
needs to be financed and completed.     
This thesis will use the WTC Towers 2 and 3 as a framework for applying and valuing Real 
Options “in” a large-scale, politically charged, real estate development project.  It will examine 
a methodology to mitigate the risks associated with market uncertainty through the application 
of Real Option Analysis (“ROA”).  This thesis will aim to answer the following questions: 
 
 What was the planning process the World Trade Center decision makers evaluated 
to come up with the current plan? And what was the logic behind the final 
programming/use selection?   
 What other building uses could have been feasible? 
 What is the economic value of flexibility had it been incorporated early on the 
planning and design of WTC Towers 2 and 3 assuming a hypothetical model? 
1.2   Overview of Methodology and Hypothesis 
This thesis will have a qualitative and quantitative approach.  The qualitative component 
of this thesis will discuss the planning and design process of the WTC redevelopment project as 
well as the issues it encountered that have delayed the rebuilding of the Towers 2 and 3. It will 
explore the possibility of incorporating flexibility into to the Tower 2 and 3 programs, particularly 
the option to switch either of the two towers from office to residential use.   
The quantitative portion of the thesis includes an overview of Real Option and valuation 
methods that will be introduced in Chapter 3.   These methods are then applied using the World 
Trade Center Towers 2 and 3 as a case study described in Chapter 4 and analyzed in Chapter 5.   
The goal of the thesis is to demonstrate an example framework that flexibility, had it been 
inserted in the early planning and design stages of the WTC Towers 2 and 3, could have 
increased the economic value.    
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1.3   Literature Review Summary 
The main literature that was reviewed for this study was related to the study of Real 
Options and the World Trade Center redevelopment. Several academic publications and theses 
that study and apply Real Options were reviewed for the purpose of this thesis.  Chapter 3 will 
discuss these publications and apply some of their approaches in valuing Real Options. 
Chapter 2 provides the overview and history of the WTC redevelopment and the 
potential for a residential use.  Because SPI and the PA are currently in politically charged 
negotiations regarding the financing of Towers 2 and 3, my attempts to gain access to the 
developer and the involved city agencies were not successful. As a result, the majority of the 
qualitative research in this thesis was gained through researching public domain data.  Being 
such a high profile project, the WTC’s history, past and current issues were well documented by 
the agencies involved and by many news websites, such as the New York Times and Downtown 
Express.  Silverstein Properties, the Port Authority, the Lower Manhattan Development 
Corporation and the Downtown Alliance, documented the evolution and status of the WTC in 
their respective websites.  Brokerage service companies, like Cushman & Wakefield and Colliers 
International, also served as resources by providing market reports focused on the growth (or 
decline) of Lower Manhattan markets.  Research firms, such as Real Capital Analytics, Korpacz 
and StreetEasy, provided Lower Manhattan market information that were the basis for the 
assumptions used in the valuation analysis. 
Through the Real Options research that was reviewed, none have applied the Real 
Options framework on project like the World Trade Center. There have been Real Options “in” 
real estate publications that discuss the phasing, abandoning, and switching use of 
developments, however my limited exposure to Real Options did not encounter a switching 
option where the building physically changes. Previous papers and academic lessons that I 
have reviewed involved a “conversion” type of switch, one that changes how financial revenue 
mechanics of a building (from rent to sale, residential to hotel).  However, in the case of the 
World Trade Center, each of the towers would need a completely different design, due to the 
different footplates required for each use, to switch from an office tower to a residential condo 
tower.   
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CHAPTER 2 -  WORLD TRADE CENTER REDEVELOPMENT 
 
This chapter will provide an overview of the past, current, and potential futures of the World 
Trade Center project with specific focus on Towers 2 and 3. 
2.1   The Original World Trade Center (1970-2001) 
Built at a time when New York’s future seemed uncertain, the original World Trade Center 
restored confidence and helped bring a halt to the decline of Lower Manhattan.  These massive 
towers quickly became the iconic symbols of New York City’s skyline as shown in Figure 2-1.   
 
 
Figure 2-1 – WTC Twin Towers 
 
The original World Trade Center Towers were conceived in the early 1960’s to revitalize a 
deteriorating section of Manhattan known for electronic stores.  Brothers David and Nelson 
Rockefeller, the masterminds of the project, presented the development as a benefit to New 
York City.  Minoru Yamasaki and Associates was hired by the landowners, the New York/New 
Jersey Port Authority (“PA”), to design the site, which consisted of two massive towers (“Twin 
Towers”) and several supporting buildings located near its base.  The North Tower (WTC 1) was 
completed in 1970 and the South Tower (WTC 2) was completed two years later in 1972.  At the 
time of completion, the WTC 1, containing 110 floors at 1368 feet, was the tallest building but 
only for a short time until the Sears Tower in Chicago was completed in 1973.  Four smaller office 
buildings, a hotel and a below grade mall, which was one of the biggest retail structures in 
Lower Manhattan, completed the 16-acre complex.  Also below grade housed two subway 
stations and the PATH trains to New Jersey.   The Figure 2-2 illustrates the original WTC plan and 
Table 2-1 summarizes the original office and hotel program. The WTC complex, which had its 
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own zip code (10048), had approximately 50,000 people who worked there while another 
200,000 visited or accessed through the site each day.   
  
 
Figure 2-2 – Plan of World Trade Center (1970-2001) 
 
Table 2-1 – Original WTC Program 
 
 
2.2   September 11, 2001  
On September 11, 2001, a coordinated terrorist attack was targeted at the Twin Towers 
that collapsed both the towers within two hours.  In addition to the Twin Towers, the World 
Financial Center, the Deutsche Bank Building, WTC4, WTC 5, WTC 6, WTC 7 and the Marriott 
World Trade Center were either destroyed or severely damaged.  The amount of casualties due 
to the attacks was approximately 2,700.   
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The urgency to rebuild was established later on the day of the attacks when the current 
New York City mayor, Rudy Giuliani, proclaimed, "We will rebuild. We're going to come out of this 
stronger than before, politically stronger, and economically stronger. The skyline will be made 
whole again.” (Taylor, 2001) 
2.3   The Redevelopment of the World Trade Center 
Just a month after the collapse of the Twin Towers, the rebuilding of the World Trade 
Center became an immediate priority for New York City and its political powers.  The developer 
of the site, Silvertein Properties Inc (“SPI”), who had just leases the WTC site from the PA in 
July,2001, was also eager to rebuild.  By November 2001, the Lower Manhattan Development 
Corporation (“LMDC”) was established by then-Governor George Pataki and then-Mayor Rudy 
Giuliani to oversee the reconstruction of Lower Manhattan and the WTC.   
In early 2002, the LMDC sponsored the international design competition for the new World 
Trade Center site. The LMDC established the guiding principals for the redevelopment of the 
WTC and Lower Manhattan in a report called “The Blue Print for Renewal”.  Its goal was to focus 
the design to “Respect the site of the World Trade Center as a place of remembrance” and “to 
honor the thousands who perished… the memorial and its surroundings must be well integrated” 
(LMDC, 2002).   
In the end of 2002, the LMDC released another document called “A Vision for Lower 
Manhattan” that was design study and established the context of programming and 
infrastructure for the site. The Vision, presented by newly appointed Mayor Michael Bloomberg, 
focused on recreating Lower Manhattan to be a “Downtown for the 21st century”.  It specifically 
outlined the context and design guidelines for the new WTC site. The requirements of the new 
WTC program called for a memorial related space preserving the footprints of the original Twin 
Towers1, restoring a tall iconic symbol for Lower Manhattan, and improving connectivity and 
infrastructure within the area.  
The Vision was developed for the use of the six chosen design teams for the master 
planning design competition and called for a development consisting mostly of commercial 
space.  The LMDC laid out specific guidelines in the Vision encouraging the following 
programming: 
 
Commercial Office Space  
                                                       
1 The design teams were not instructed to design the memorial, but to develop the context of a 
memorial and the surrounding proposed buildings as the design of the memorial would be 
conducted by separate design competition. 
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 No commercial office space is permitted in the memorial area(s). 
 Footprints for most office buildings should be in the range of 25,000-40,000 square feet. 
 The base of all office buildings must be compatible with retail, institutional, cultural 
and/or civic uses. 
 Program: 6.5 – 10.0 million sf on site. 
 Any reduction of on-site office space below 10 million sf will be relocated/replaced on 
sites outside the project area. Those sites are not part of this Design Study assignment. 
Residential Development  
 Residential development is permitted only in the project area south of Liberty Street 
 Integrate any new residential buildings with existing residential development on Cedar 
Street, south of the WTC site. 
Retail 
 No retail development is permitted in the memorial area(s). 
 Retail development on the WTC site and surrounding areas must be respectful of the 
memorial area(s) and must not detract from the solemnity of the memorial area(s). 
 Retail spaces should be convenient to the transportation centers and the paths of travel 
to and from major transit entrances. 
 Retail spaces should support lively and active streets. 
 Program: 600,000 – 1,000,000 sf on site. 
International Conference Center and Hotel 
 An International Conference Center and Hotel, with a minimum of 250,000 square feet of 
meeting/exhibition space. 
 The Meeting/Exhibition Center should be able to accommodate up to 2,000 people in 
the main hall for meetings of major international forums, a ballroom, and 50 meeting 
rooms. 
 This use is not permitted in the memorial area(s). 
 Program: 600,000 – 1,000,000 sf on site. 
 
The program was developed based on a study of historical and projected demand in Lower 
Manhattan for office, retail, hotel, and residential sectors.  The LMDC-commissioned study 
concluded that Lower Manhattan would need as much as 19M SF of new office space to 
accommodate an estimated 90,000 new jobs.  It was also estimated to require up to 2M SF of 
retail space, 1.5M SF of hotel space and 10,000 residential units over the next two decades.  
The program requirement of 10M SF of commercial space was intended not only to replace 
the original commercial space that was lost in the collapse, but also to meet the projected 
demand for newer office space.  After New Jersey captured a combined 15M SF of new office 
space in 1999 and 2000, the LMDC was committed to not lose jobs to other regions.      
I’d like to point out that the LMDC discouraged any residential buildings north of Liberty 
Street, which meant that only the Deutsche Bank site (the new WTC 5 site) was the only parcel 
permitted to have residential use.  Although LMDC acknowledged that residential growth was 
rapidly growing downtown and the WTC site could accommodate some housing, “the site’s 
proximity to reconstructed transportation centers, connection to adjacent commercial districts, 
and the very public nature of the memorial area(s) suggest this is not the most appropriate use.” 
(The Vision, pg. 13)     
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The Vision was the first formal document that could have incorporated the thought of 
flexibility for the new WTC site.  Although it recognized the possibility for residential use in the 
area, the Vision remained focused on creating a new world-class commercial district.  The “If 
you build it, they will come” mentality and the strong commercial market reports left little to be 
questioned regarding the programming.  
By February 2003, the LMDC selected the design created by the architectural team led 
by Studio Daniel Libeskind, whose design successfully met the design goals set by the LMDC.  
Libeskind’s design of the 16-acre site would establish the framework to develop the long-term 
plan for the site.  The master plan’s key features consisted of a memorial, a cultural center, a 
new transportation hub, and a 1,776-foot Freedom Tower2, taller than any building in the world 
at the time of the design3.  East of the iconic tower and surrounding the memorial will be where 
five smaller office towers that defined the edge of the site and placed the park in context within 
the master plan.  Figure 2-3 is a rendering of Libeskind’s 2003 master plan of the WTC.  
 
                                                       
2 The name recently changed to be “1 World Trade Center” for marketing purposes 
3 The Burj Dubai in the United Arab Emirates is now the tallest 
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Figure 2-3 – WTC 1, 7 WTC, WTC 2, WTC 3, WTC 4 as of 2003 (LMDC, 2009)    
 
 
The 2003 Master Plan was used as a base for the overall site design.  The design of each 
individual towers would be designed by other architects, with the guidance of Libeskind. All the 
designs for all the towers were completed on September 2007 when SPI unveiled the designs of 
WTC 2, WTC 3, and WTC 4 (Figure 2-4). WTC 7, which was also SPI’s responsibility, was already 
under construction and was completed in 2006.  Table 2-2 summarizes the new WTC 
programming and architects of each of the six WTC towers. 
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Figure 2-4 – WTC 1, 7 WTC, WTC 2, WTC 3, WTC 4 as of 2007 (WTC, 2009)   
 
Table 2-2 – Summary of the Office Space of the new WTC Towers4 
Tower Primary Use Size (SF) Architect 
1 World Trade Center Office 2,600,000 Skidmore, Owings, and Merrill 
WTC Tower 2 Office 2,400,000 Foster and Partners 
WTC Tower 3 Office 2,160,000 Rogers Stirk Harbour + Partners 
WTC Tower 4 Office 1,800,000 Maki and Associates 
WTC Tower 5 Office 1,300,000 (Still under design) 
7 WTC Office 1,700,000 Skidmore, Owings, and Merrill 
 TOTAL 11,960,000  
 
                                                       
4 WTC 
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In April 2006, SPI’s responsibility of the site was reduced in an agreement with the Port 
Authority.  The Port Authority wanted to take the financial responsibility of the rebuilding of WTC 1 
and WTC 5.  In the agreement, SPI retained the right to build WTC Towers 2, 3, and 4.  A clause in 
the agreement noted that if SPI were unable to develop the buildings by certain deadlines, SPI 
would default the responsibility back to PA.  Since the PA is responsible for constructing the new 
underground PATH transportation hub (parts of which a located under WTC 2,3 and 4), the 
agreement also includes a clause that extends SPI’s completion deadline and pays SPI $300K for 
every day the PA fails to turn over the land to SPI for construction. In addition, the PA also 
agreed to lease one-third of space in WTC 4 (Gelinas, 2006). The anticipated completion of the 
three towers was planned for 2010, 2011, and 2012.  These dates, however are now in question.  
After years of underground infrastructure construction delays, another blow to the construction 
of the project occurred: the economic meltdown of 2008.    
2.4   Towers 2 & Tower 3 Overview  
Of the three towers that SPI is responsible for building, the completion of Towers 2 and 3 still 
remain uncertain.  This section will discuss the original plan, issues, and potential option for 
residential use that could have been planned for.  Per the 2007 unveiling of WTC 2 and WTC 3, 
the program summary is summarized in Table 2-3. 
 
Table 2-3 – Tower 2 and 3 Office Program 
 
 
WTC 2 will be located on the northeast corner of the project and will be the second tallest tower 
rising to 1,270 feet, approximately 500 feet shorter than the iconic WTC 1.  WTC 3 is located 1 
block south of WTC 2 and will be 1,140 feet tall.  Both are planned to house office space and 
some trading floors dedicated for financial companies.  Retail will be located in the first five 
floors of the building, and both towers will be part of an underground network of tunnels 
connecting throughout the site (See Appendix C for a more detail illustration of the underground 
network).  In a design standpoint, the two towers will serve as the edge of the site, enclosing the 
WTC Memorial with will looming skyscrapers.   
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Figure 2-5 – Tower 2 and Tower 3 (WTC, 2009) 
 
In order to comply with the April 2006 agreement with the PA, SPI had an aggressive 
construction schedule to complete Tower 2 by 2012, and Tower 3 by 2011.  A summary of the 
construction schedule is shown in Figure 2-5.  Financing for the towers were to consist of a 
combination of the tax free Liberty Bonds, private equity, financing through loans, and the 
insurance proceeds awarded to SPI from the collapse of the original WTC towers5 (Gelinas, 
2006).        
2.5   The Economic Downturn and the Towers 
The economic downtown of 2008 has had a major impact on the Manhattan’s 
commercial real estate industry.  This economic event has reduced the size of “Wall Street” 
through company down sizing, merges, and the collapse of major investment banks.  Because 
of the economic downturn, SPI was unable to secure enough financing to build his three Towers.  
In the Fall of 2008, SPI approached the PA to request their help in financially backing his three 
towers.  The PA committed to financing $800M to the development of WTC 4 (the building they 
                                                       
5 From 2001-2007, SPI and seven insurance companies settled a dispute in Federal Court 
regarding the amount of insurance proceeds from the September 11, 2001 attacks.  A total of 
$4.55B was awarded to SPI and the PA.  
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will eventually occupy) but refused to commit further to WTC 2 and 3.  The PA believed that 
because of the state of the economy, Towers 2 and 3 should be built only when there is enough 
demand to occupy the buildings.  To support their argument, the PA hired Cushman and 
Wakefield to commission a market study report on WTC 2 and 3.  The Cushman document, 
which was not released to the public, reported that if WTC 2 were completed by 2013, it would 
not be fully leased until 2025.  The report further explains that if WTC 3 completed by 2030, it 
would take till 2036 to be fully leased (Westfeld, 2009).  If this report was accurate and SPI is 
unable to secure financing for WTC 2 and WTC 3, they would have to surrender their rights to 
develop and manage the parcels where WTC 2 and WTC 3 belong.   
As of July 2009, SPI and the PA continue the negotiations to either move the projects 
forward or to hold the projects until there is enough market demand to meet the additional 
office space.  The PA suggested an alternative to expand the amount of retail space for both 
towers and to build just the first five to six floors of the Towers.  These “retail stumps” (Figure 2-6) 
will have the appropriate foundation to allow for further expansion of the Towers when the 
economy improves (Topousis, 2009).  
 
 
Figure 2-6 – Rendering of the suggested “Retail Stumps” from NY Post 
 
However, SPI’s view on office demand counters the PA’s view.  SPI believes that by the 
time WTC 2 and WTC 3 are completed, the economy would bounce back and the demand for 
high-end modern office space in Manhattan will make WTC 2 and 3 a success. CB Richard Ellis, 
the commercial broker assigned to SPI’s WTC properties, presented in 2008 that by 2010, 64% of 
Manhattan’s office space would be 50 years old.  Comparing that stat with the national 
average of 24%, Manhattan is in dire need for modern office space (Cuzzo, 2009). Because 
there has been little commercial construction in recent years, Manhattan has only a few large 
towers that are high-end and modern. It could be argued that, because of the small inventory 
of “new” office space, the WTC can be a success.  Other recent modern office buildings, One 
Bryant Park (completed in 2007)(Koblin, 2009) and the New York Times Building (completed in 
2008), were filled quickly.  WTC 7, despite the economy, was able to yield rents of $70/SF 
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(Rebinstein, 2009), $20 higher than the downtown average, supporting SPI’s argument that there 
is office demand.    
However, I presume, the above mentioned leases were probably committed to prior to 
the financial crash of 2008.  The financial and real estate industry is in a new territory with new 
market and political risks that developers cannot foresee.  Predicting the future, or at least the 
next five years, based on historical data is now difficult because the economy has never seen a 
downturn of this proportion.  
As discussed earlier, SPI has been leasing the land from the PA and paying rent since July 
2001.  If SPI were to return the rights back to the PA, then the only property SPI would have  after 
years of debates, delays, and frustration would only be WTC 7.   
If the PA were to retain Towers 2 and 3, their stance is to not build until there is demand 
for office space, potentially not until 2020 and on based on their market report.  Viewing the 
WTC project as a whole, leaving WTC 2 and WTC 3 un-built would leave the entire WTC site with 
hollow wall even if the retail stumps were to be developed in its place. Figure 2-7 illustrates how 
the WTC site would look like in this scenario.  The master plan was carefully crafted to be a fully 
integrated “21st Century Downtown” while respecting those who perished in the September 11 
attacks. To not complete the site would be a failure to the master plan and the citizens of New 
York.    
 
Figure 2-7 – Rendering of the WTC Site without full build-out of Towers 2 and 3 
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2.6   Potential for Residential Use and Flexibility 
 To introduce a framework of applying and valuing flexibility, this thesis will now focus on a 
potential use that may be partially feasible, but will be able to demonstrate how flexibility can 
add value to a project like the WTC, had it been incorporated early on the design process. From 
the start of the planning and design process, the City, it’s officials, agencies, the developer, and 
the citizens had rushed to plan and build the commercial space lost in September 11, 2001.  
Perhaps if there was a time machine and the process can be redone, injecting flexibility in within 
the design could have mitigated the risks associated with the eventual turn of events.  If the 
decision makers of the WTC prioritized completion over profits, it would have been beneficial to 
make sure that whichever use is built on the site limits the profit loss.   
 For example, because the office markets are down what other markets are strong or not 
as bad?  There was discussion of place residential and hotel use on the site but those ideas were 
shot down to accommodate for the replacement of the original office space that was lost.  
Other suggested uses, like the “retail stumps” may meet current market demands6 targeted to 
visitors, but does not complete the vision of the master plan as shown on Figure 2-7.  Schools, 
playing fields and parks can accommodate the residential growth in the area, but again, those 
uses do not have the heights necessary to complete the master plan.   
 For the purpose of the flexible framework application, a residential use will be 
considered.  According to Manhattan’s Downtown Alliance, over the past 15 years there have 
been an increased number of residents in the downtown area.  In 1993, downtown had 14,000 
residents but by 2008 that number ballooned to 56,000 residents (an average of approximately 
9.5% growth per year) through new construction and old office conversions.  Programs such as 
the Liberty Bond program initiated by the LMDC in 2002 encouraged residential developments 
has made a substantial transformation in the residential growth in Lower Manhattan.  Figure 2-8 
is illustrates this growth. Because of the increased size of residents in the area, there is now a 
stronger residential infrastructure, such as groceries and local stores, which make living in 
Downtown more attractive than ever.    
 
                                                       
6 The WTC site attracts a growing amount of tourist per day according to the LMDC. 
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Figure 2-8 - Residential Growth in Lower Manhattan (1985-2008) (Downtown Alliance, 2009) 
 
 Given the above, this thesis will analyze a hypothetical case where flexibility was applied 
to the WTC Towers 2 and 3.  The flexibility that will be studied will be the option to switch from the 
original plan of two office towers to a residential use, or possibly a mix of the two uses.  The 
Zoning in the area is for commercial use, however since the land is owned the by the Port 
Authority the can build any use they seem fit.  In addition, it is common in New York City for a 
residential development to be built in a commercial zone, however building on a commercial 
development in a residential zone is not permitted.  Figure 2-9 illustrates a conceptual massing 
plan of a residential development for Towers 2 and 3 created for this thesis.  The programming 
and size details of the plan are summarized in Table 2-4 and further details are located in 
Appendix D.  
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Figure 2-9 – Conceptual Residential Towers 2 & 3 
 
 
Table 2-4 – Conceptual Condo Programming 
 
 
 
Although the location of Tower 2 and 3 may not be an ideal location for residential use7, 
had the flexibility been considered in the earlier planning stages, perhaps the 16 acre site could 
have been designed so that the “flexible” parcels would have been better placed.  
Some real estate experts, civic groups, and the PA want to hold the development of 
Towers 2 and 3 until the market demand returns.  SPI, Mayor Bloomberg and the City of New York 
would like the completion of the site immediately.  Had the “Real Option” of allowing for the 
flexibility in switching building uses been incorporated early on, perhaps that could have been a  
solution to deal with uncertainty and mitigate the economic risks.  In order to evaluate the 
economic value this type of flexibility could have added, Chapter 3 will discuss the several Real 
Option valuation methods, while Chapter 4 will apply a specific method to the WTC 
hypothetical case, and Chapter 5 will determine the value.  
                                                       
7 The area has high traffic volumes, due to the planned PATH Station, which may be unsuitable 
for residential use.  In addition, being next to the Freedom Tower/WTC 1 may be not be a 
preferable location for residents. 
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CHAPTER 3 -  REAL OPTIONS OVERVIEW  
 
In this chapter, the concept of Real Options and it’s application will be introduced.  In addition, 
the methodology of the engineering-based method and the Monte Carlo simulation will be 
outlined as it to relates to the case study on the World Trade Center’s Tower 2 and Tower 3. 
3.1   Real Options Overview 
In the world of Finance, an Option is defined as the right without obligation to obtain 
something of value upon the payment or giving up of something else in value.  The purpose of 
an option is to provide investors the protection from risks or the ability to increase profits from 
market uncertainty.  This concept is commonly applied to the purchase of stocks.  A call option, 
the right to purchase an underlying asset at a predetermined price, or put option, the right to sell 
at a predetermined price, are option tools that an investor can exercise to hedge the volatility.  
The stock value can then be calculated based on the volatility of the stock price.    
The term “Real Option” refers to the study of options applied to physical assets such as 
land or a building structure (Geltner, 2007).  Real Options analysis has been used in several 
industries such as the automobile, manufacturing, computer, oil and gas, and mergers and 
acquisition industries (Mun, 2006).  In real estate development, real options can be applied 
when timing the purchasing land, knowing when or when not to expand a phased project, or all 
together providing an option to abandon a project.  Incorporating one or a combination of real 
options to a project can increase the overall value of the development.  The Real Options 
approach provides real estate decision makers with a way to deal with uncertainty associated 
to hedge their risks, similar to how investors view their strategy with stocks. 
 In a traditional Discounted Cash Flow (“DCF”) model, uncertainty cannot be 
valued/incorporated because the model assumes a static, one-times decision making process.  
The assumptions that are inputted into the model can provide a false sense of value as it is 
almost like a snap shot at one given point in time.  However, the real options approach takes 
into consideration the strategic managerial options certain projects create under uncertainty 
and the decisions maker’s flexibility in exercising these options at possible different points of time, 
when the level of uncertainty has decreased or has become known over time (Mun, 2006). 
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3.2   Types of Real Options 
Several applications of Real Option decision types in Real Estate Development have been 
studied. The decision types are listed below (summarized by Masunaga, 2007). Each of the real 
option types addresses a solution to identify flexibility and mitigate uncertainty.   Since complex 
real estate development projects are unique, each of the above-mentioned options is not 
always applicable and must be carefully considered depending the characteristics or the 
project. 
 
Waiting Options  
When any key factor in the business is uncertain (e.g., rent may be increasing or decreasing in 
the case of real estate), we may be able to acquire higher returns by waiting for a certain 
period of time than we could acquire by acting immediately.  
 
Growth Options (Phasing options)  
When the project is phased into more than two steps, the initial investment provides the firm with 
growth options to be acquired by the second or later investment, given that the first investment 
turns out to be successful. In other words, by considering the value of growth options, the firm 
may be able to go ahead with the first project even if that project itself is expected to have a 
negative return. 
  
 
Exit Options (Abandonment options)  
Even when there is a certain amount of risk to continue the project in the future, it could be 
possible to initiate the project, taking into consideration the value of the option to exit from the 
project when the risk becomes obvious (in the case of real estate, there is an abandonment 
option for the land owner of vacant land, which is selling the land without a building on it).  
 
Learning options  
When the project can be developed in a phased manner, the firm can test the suitability of the 
projects by developing the initial phase with low costs. Then, based on the result, the firm can 
modify (or abandon) the following phase of development in order to maximize the total project 
value.  
 
Flexibility Options (Switching options)  
This option refers to the flexibility built into the initial project design. By incorporating flexibility to 
react to the uncertainty in the future, the project can have higher value than the value based 
on the traditional DCF analysis. In the case of real estate, what is called “conversion” is an 
example of switching options (e.g., the option to switch the use from hotels to condominiums).  
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3.3   Real Option Valuation Methods 
There are two types of approaches to valuing Real Options: the economic option 
valuation theory (“OVT”) and the engineering-based approach.  In theory, both approaches 
calculate the same value for a real option, however practitioners view the economics-based 
model as a complicated, confusing, and time consuming approach.  The engineering-based 
model, however, is an approach developed by the engineering community that uses common 
valuation tools that are more familiar to use.   
3.3.1   ECONOMIC-BASED APPROACH 
 The binomial option valuation is an economic-based approach.  It can be used to 
evaluate real estate development option valuations such as project staging and abandonment 
flexibility.  This method uses individual binomial scenarios that are stitched together building a 
binomial value tree.  A binomial scenario is a move in asset value of either “up” or “down” 
outcomes of risk over a period of time.  By stitching the individual binomial outcomes together 
sequentially, the binomial model can realistically approach continuous time and pricing. 
(Geltner et al, 2007) Depending on the complexity and the number options to be valued, this 
method can take a finite time period to analyze. An example binomial tree is illustrated in Figure 
3-1.  
 
Figure 3-1 – One-Year Monthly Binomial Tree (Geltner et al, 2007) 
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One of the drawbacks of the binomial method is that it can only be used to evaluate 
finite-lived options.  Time is not continuous, but is calculated in discrete steps. The Samuelson-
McKean (“S-M”) formula is another economic-based method that addresses this drawback.  
Similar to the Black-Scholes formula widely used in corporate finance, the Samuelson-McKean 
formula provides a way to value a perpetual development option incorporating continuous time 
(Guma, 2008).  The S-M formula requires parameter values to value the options in real estate 
development: the built property current cash yield, the volatility in the built property value, and 
the construction cost yield.  It also requires the difference between the opportunity cost of 
capital of construction costs cash flows and the expected growth rate in construction costs 
(Geltner et al, 2007).  
Real estate professionals do not tend to use the economic-based approaches 
mentioned above because it is perceived to be too complex (Barman and Nash, 2007) and 
requires an understanding of finance theory. Even if one is skilled enough to the values using the 
economic-based methods, it would be too difficult to explain the results to decision makers. To 
address these issues, the engineering and science fields developed the engineering-based 
model, a more hands on approach to evaluate the flexibility valuation in real options.      
3.3.2   ENGINEERING BASED APPROACH 
The engineering-based approach uses a simple and commonly available tool such as Excel 
spreadsheet procedures and outputs intuitive graphical results.  De Neufville et al. (2005) outlines 
three advantages to estimate the value of real options using the engineering-based approach: 
 Uses standard, readily available spreadsheet procedures; 
 Is based on data available in practice; and 
 Provides graphics that explain the results intuitively. 
 
A four-step procedure for the engineering-based approach that will be used in this study is 
outlined below and was adopted from Lee and Oh (2008) and de Neufville et al. (2005): 
1. Establish a deterministic NPV: Set up the spreadsheet representing the most likely 
projections of future costs and revenues of the project, and calculate its standard 
economic value.  
2. Identify and incorporate uncertainty factors: Explore the implications of uncertainty by 
simulating possible scenarios. Each scenario leads to a different NPV, and the collection 
of scenarios provides both an “expected net present value” (“ENPV”) and the 
distribution of possible outcomes for the project.  
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3. Determine criteria for decision rules and implement flexibility: Evaluate possible decision 
rules that trigger the real option strategy.   
4. Search decision combination to achieve optimal NPV: By experimenting with different 
decision combinations, the decision rules and design factors affect the project value, 
and determine the best combination based on the decision maker’s criteria.  
 
Masunaga (2007) summarizes the pros and cons of the economics-based approach versus the 
engineering-based approach in Table 3-1. Given summarized considerations and the real world 
applicability of analyzing the World Trade Center Tower 2 and 3 as a case study, the 
engineering-based approach was implemented in valuing the flexibility associated with the 
ability to switch building uses.  
 
 
 
Table 3-1 – Merits and demerits of the economics-based approach 
and the engineering-based approach (Masunaga, 2007) 
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CHAPTER 4 -  REAL OPTIONS METHODOLOGY FOR TOWERS 2 AND 3 
 
This chapter will go into detail of how the four-step approach engineering-based approach was 
applied to this the World Trade Center case.  To reiterate, the real option that will be used in this 
hypothetical case is the option to switch uses: from Office to Condo or vice versa.  
4.1   Establish a Deterministic Model  
In order to be able to value the flexibility had it been applied to the two towers, a base, or 
deterministic, value needs to be determined.  In this case, the deterministic case is the 
development of two office towers (“Office Only”).  For the purpose of this thesis, the schedule is 
as illustrated in Figure 4-1 and is summarized below: 
 
 Tower 2 will begin construction at the start of 2009, be completed at the end of 2012, 
and open at the start of 2013.   
 At the start of 2013, Tower 3 will begin construction, complete at the end of 2016, and 
open at 2017.  
 
 
Figure 4-1 – Schedule for Office Only and Condo Only Scenarios  
 
The method of valuation will be calculated using a 10-year Discounted Cash Flow (“DCF”) 
analysis. Standard DCF analysis discounts future revenues and expenses to place them on a 
comparable basis.  The sum of these DCFs is the net present value (“NPV”).  Computer-based 
spreadsheets such as Excel provide the needed tools (de Neufville at al., 2005).  The assumptions 
(such as costs, rents, and growth) that were inputted into the DCF was gathered through the use 
of the public domain is further described in Chapter 5.  The DCF analysis will calculate the 
deterministic NPV of the project as of 2013, also discounting Tower 3’s 2017 to a 2013 value.  This 
value will later be compared to the flexible model to determine the value created by flexibility.  
In this hypothetical case, we will be looking at a switch option from office use to residential 
use for sale (“Condo”), and would need to calculate the Condo Only deterministic value.  
Because there are not plans for a Condo use on the site, I created a general massing design for 
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Towers 2 and 3.  The floor plates for a residential building are different from those on an office 
building.  The office versions of Towers 2 and 3 have 40-45,000 SF per floors and are in a square 
form.  These are floor plates are too big and wide to accommodate a residential use.  Typical 
residential footplates are only 60-80 feet wide, while its length can be technically be as long as it 
wants.  For a visual aid and comparison, Figure 4-2 illustrates a 3D rendering of the WTC site with 
Towers 2 and 3 as office towers (as planned) and Figure 4-3 as condo towers.     
 
 
Figure 4-2 – Office Only Rendering 
 
 
Figure 4-3 – Condo Only Rendering 
 
The Condo Only valuation was based on Excel spreadsheet calculations originally 
developed by Geltner and Cardin (2008) to conceptually calculate the real option valuation.  
Input data specific to the condo design such as unit mix, size, height, and building efficiency is 
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summarized in Appendix D.  For other assumptions, like market price, construction costs, and 
growth trends, the use public domain research was used and will be further discussed in Chapter 
5.  The scheduling of the Condo Only alternative will follow the same timeframe as illustrated in 
Figure 4-1.  Like the office, the Condo Only NPV derived from the valuation will be in 2013 values 
and will be compared with the Office Only model.  
 For the sake of simplicity and comparison, both the Office Only and Condo Only 
deterministic models will assume that in Year 1 (the opening year), the buildings will be fully 
leased (for Office) and sold (for Condo).  
4.2   Identify and Incorporate Uncertainty  
After we have established the deterministic NPVs of the Office Only and Condo Only 
models, we will then insert uncertainty in the valuation.  These models that incorporate 
uncertainty will be called the Office Only with Uncertainty and the Condo Only Uncertainty.     
Mun (2006) has pointed out that because the static DFC produces only a single-point 
estimate result, there is often times little confidence in its accuracy given that future events that 
affect forecast cash flows are highly uncertain.  To better estimate the actual value of the 
particular project, Monte Carlo simulation should be employed next.   
 The Monte Carlo is the analytical method that will be used for valuating a deterministic 
model the dynamic uncertainty variable.  It will calculate a new NPV by randomly simulating 
two thousand possible future outcomes of the given limitations of market fluctuation.  The 
simulation will then summarize the outcomes by mean (average), maximum, and minimum 
results.    
Setting the net present value as the resulting variable, we can change each of its 
precedent variables and note the change in the resulting variable.  In the case of the WTC, the 
uncertainty that will be evaluated will be the market revenue (rents for Office, sales price for 
Condo), which would best represent where the economy and demand be at that time. By 
changing each one by a present amount and see the effect on the resulting NPV. A graphical 
presentation will be presented through histograms, specifically Value-at-Risk Gain (“VARG”) 
charts.  VARG charts illustrate the possible outcomes and provide a percentage probability of 
the each of the outcomes.  Through the use of the Monte Carlo analyses simulation, we will be 
able to determine the Expected Net Present Value (“ENPV”) of the Office Only with Uncertainty 
and Condo Only with Uncertainty models.    
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 Other uncertainty variables, such as the duration of time for lease up or sale, inflation, or 
the inflation of hard and soft costs can be incorporated into the “uncertain” models, but for the 
sake of comparison simplicity, they will remain static variables.   
4.3   Determine Criteria for Decision Rules  
The ability to have a switch option in the WTC allows either Tower 2 or 3 to be a certain use 
depending which market is stronger at the decision time.  The model that will allow for the use to 
switch will be called the Flexible Model.  The hypothetic schedule is illustrated in Figure 4-4 and is 
outlined as follows:     
 
 The use decision for Tower 2 will occur at the start of 2009 based on which use has a 
higher NPV.   
 Construction and the finalization of the designs of Tower 2 will take four years. 
 The opening of Tower 2 will occur on 2013.   
 The use decision for Tower 3 will occur at the start of 2013 based on which use has a 
higher NPV.   
 Construction and the finalization of the designs of Tower 3 will take four years. 
 The opening of Tower 2 will occur on 2017.   
 
 
Figure 4-4 – Schedule for Flexible Scenario 
 
In summary, the building use for Tower 2 will be selected depending which use (office or condo) 
will have the higher NPV at 2013.  For Tower 3, the decision will be based on the higher NPV at 
2017.  Depending on the future outcome of the office and condo markets, it is possible that 
Towers 2 and 3 can be mixed. Figure 4-5 illustrated the possible outcomes of Towers 2 and 3 
based on the strategy described above.  
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Figure 4-5 – Possible Outcomes of the Flexible Scenario 
(From top left to clockwise) Office Only, Condo Only, Condo and Office, Office and Condo 
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4.4   Search Decision Combination to Achieve Optimal NPV 
The Office Only and Condo Only deterministic NPV outcomes are derived from a static 
valuation.   The Office Only with Uncertainty and the Condo Only with Uncertainty both 
incorporate market uncertainty and the respective ENPV’s will be calculated through the use of 
Monte Carlo simulation analysis.  The Flexible Scenario then blends the Uncertain Office and 
Condo models together that chooses a use for each tower depending which building use nets a 
higher NPV at the established decision years (2013 and 2017).  This will result in the Flexible ENPV.       
Chapter 5 will describe and summarize the valuation results for each scenario and will conclude 
with a comparison of the evaluated ENPV that achieve the optimal value for Towers 2 and 3.  
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CHAPTER 5 -  REAL OPTION VALUATION 
 
The purpose of this chapter is to determine the economic value of flexibility had the option to 
switch use been incorporated into the planning of Towers 2 and 3.   This chapter will outline the 
analysis performed on the described in Chapter 4.  It should be noted that this is an analysis of a 
hypothetical case study based on the present knowledge of and available information for 
Towers 2 and 3 of the World Trade Center Redevelopment Project.    
5.1   Valuation Overview 
As discussed in Chapter 4, the following scenarios will be evaluated: 
 Office Only Scenario – Deterministic Model  
 Office Only Scenario with Market Uncertainty 
 Condo Only Scenario – Deterministic Model 
 Condo Only with Market Uncertainty 
 Flexible/Switch Scenario with Market Uncertainty 
 
To determine the value of flexibility (of switching building use) had it been incorporated in the 
original planning, the fundamental approach is summarized as an equation below: 
 
Expected Value of Flexibility = ENPV (Flexible Case) – ENPV (Office Deterministic) 
 
  
 
 39 
Table 5-1 – Valuation Analysis Inputs and Assumptions 
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5.2   Valuation Assumptions and Inputs 
Key assumptions that were used as inputs in the valuation models for each scenario are 
summarized in Table 5-1 unless otherwise noted.  As mentioned earlier, the assumptions and 
inputs used in this thesis was acquired through the use of the public realm. 
For the Office Scenarios, the program square footage information was gathered from SPI’s 
website.  For the Condo Scenarios, the program square footage information was extracted from 
the conceptual massing design, located in Appendix D.  It was assumed that both the condo 
and office buildings would have the same retail program at the located at the base (Appendix 
B and C).  Because of this, and the retail component of the analysis was removed from the 
valuations due to redundancy.  
Bovis Lend Lease, an international construction management firm with a strong presence 
in New York City, provided the hard costs per square foot based on a 70-80 story tower.  For a 
Class A office building, the construction costs ranged from $580-650 per square foot.  Because 
Towers 2 and 3 are planned to be a LEED building and have increased security features, $650/SF 
was used for the analysis.  For a high-end residential building, the provided costs ranged from 
$500-550/SF. Applying the same premiums as the office, the condo valuations used $550/SF.  The 
soft costs were determined by taking 25% of the hard costs.  Construction and design inflation 
was calculated in the analysis and costs were assumed to grow 3% per year.  The development 
(hard and soft) costs were distributed evenly through four years.  Because the land where Towers 
2 and 3 are located is being leased by SPI, land value was not taken into account in the 
analysis. 
Colliers reported in the Spring of 2009 that Class A Manhattan Downtown rents averaged 
approximately $50/SF.  However, also in 2009, SPI was able to lease space in WTC 7 for $70/SF, 
40% higher than the current 2009 average.  CBRE8 forecasted that Class A office space will rent 
somewhere between $77/SF to $94/SF by 2013.  Given the above information, the deterministic 
Office Only model starts rents at $85/SF in 2013.  This is assumes 3.75% average increase per year 
from the $70/SF rents WTC 7 is yielding.  CBRE reported that rents would rise as much as 88% by 
2015, however due to the economic condition, the Office valuations assume a 4% average 
growth per year.  
Streeteasy.com provides customized information on residential sales throughout 
Manhattan.  It reported an average sales price of $1,153/SF in nearby Battery Park City and 
$1,205/SF in the Financial District.  For deterministic Condo analysis, the two sales prices were 
averaged, then added a 10% premium for being close to a major transportation hub and being 
                                                       
8 http://www.bloomberg.com/apps/news?pid=20601206&sid=awqrXfS7LDd0 
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a LEED building.  This sales price was then grown to 2013 at a rate of 3% per year to be $1,377/SF.  
Based on market information derived from macromarkets.com, it was calculated that residential 
sales grew at an average of 9.3% per year.  Considering the current economic condition, a 3% 
growth average was used for the Condo valuations.  
Real Capital Analytics reported a strong 5% exit cap rate in the first quarter of 2009 for the 
office market.  For the Condo market, it reported a 5.5% exit cap rate.  Given the current 
economic climate, the analysis will use a 6% exit cap rate for both scenarios.  
As of July 6, 2009, the 10-year treasury is reporting a 3.46% return.  The risk premium for 
speculative building ranges from 2-4% above the 10-year treasury.  To maintain a more 
conservative approach, 4% was used for the risk premium, bringing the Opportunity Cost of 
Capital (“OCC”) to 7.96%.  This OCC will be used for both scenarios.  
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5.3   Office Only Scenario – Deterministic Model 
Table 5-2 – Office Only Deterministic – NPV Results 
Office Towers Only – Deterministic Analysis 
  Tower 2 Tower 3 
NPV @ 2013 $              618,816,977 $              495,935,087 
Total Value @ 2013 $           1,114,752,064  
 
Given the assumptions mentioned in section 5.2 and summarized in Table 5-1, a 10-year 
DCF was used to determine the Office Only deterministic NPV.  As Table 5-2 shows, the NPV at 
2013 for the Office Only scenario (combining both tower values) is $1,114,752,064.  At 2013, 
Tower 2 has the NPV of $618,816,977 and Tower 3 (discounted back to 2013) has a NPV of 
$495,935,087.  As mentioned earlier, for the simplicity of comparison, the valuations of each of 
the scenarios assume that each Tower will be fully leased (or sold in the Condo scenarios).  The 
pro-forma for the deterministic Office Only scenario is located in Appendix E. 
5.4   Condo Only Scenario – Deterministic Model 
Table 5-3 – Condo Only Deterministic – NPV Results 
Condo Towers Only – Deterministic Analysis 
  Tower 2 Tower 3 
NPV @ 2013  $             598,929,973   $             373,232,285  
Total Value @ 2013  $             972,162,258    
 
Given the assumptions mentioned in section 5.2 and summarized in Table 5-1, a valuation 
using Excel spreadsheet calculations (Geltner and Cardin, 2008) was used to determine the 
Condo Only deterministic NPV.  As Table 5-3 shows, the NPV at 2013 for the Condo Only scenario 
(combining both tower values) is $972,162,258.  At 2013, Tower 2 has the NPV of $598,929,973 
and Tower 3 (discounted back to 2013) has a NPV of $373,232,285. The pro-forma spreadsheet 
for the deterministic Condo Only scenario is located in Appendix G. 
Based on the results of the static deterministic models, the Office Only scenario yields a 
higher NPV than the Condo Only NPV.  If there were a building use switch option, Tower 2 and 3 
should be office towers.  However, referring back to Mun (2006), the static DFC produces only a 
single-point estimate result, there is often times little confidence in its accuracy given that future 
events that affect forecast cash flows are highly uncertain.  To better estimate the actual value 
of the particular project, Monte Carlo simulation should be employed next, which would include 
a variable reflecting the market uncertainty.   
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5.5   Market Uncertainty and Revenue Correlations 
Now that the deterministic NPVs have been established, uncertainty will now be injected 
into the Office Only and Condo Only scenarios to create the stochastic models.  As mentioned 
in Chapter 4, several uncertain variables can become dynamic within the valuations.  The 
variables can be the duration of time it takes to fully occupy the building, the average growth 
rate of inflation or revenue.   In order to best represent the market uncertainty in today’s 
economy, the uncertain variable will be projected rent for the office model and the sales price 
for the condo model.  
The deterministic models use $85/SF of rent for the office scenario, and $1,377/SF in sales 
price for the condo scenario.  However, these values were based on historic data and 
projections.  Where the economy be four years from now is uncertain and these assumptions 
could easily be over or undershooting the actually outcome.  To represent this uncertainty, the 
Uncertain Models will increase or decrease these revenue values by an average of 20%.  Using 
Monte Carlo simulation, 2000 iterations of the uncertain models will be conducted by randomly 
choosing a value plus or minus 20% of the revenue value.  In theory, each of the 2000 iterations 
will generate a different NPV within the set range.  The NPV results are then averaged and 
summarized with in graphic form through histograms and VARG charts.     
 However, a certain level of correlation of the revenue values need to be established.  For 
example, if the uncertain model did not have an assigned correlation, the office can have its 
rent increase by 20% while condo prices drop by 20% in 2013.  Logically, theses two revenue 
rates should have some level of relationship with each other and having both go in complete 
opposite directions would not happen in the real world.  In contrast, if office rent and condo 
prices were fully correlated and rose or dropped 20% simultaneously, there would no advantage 
to flexibility.  Although the office and condo markets share a level of relationship with each other 
depending how strong or weak the economy is, there is also a certain level of independency 
they have from each other. Because there isn’t enough data to fully study to determine the right 
% of correlation between the two revenue prices, a 50% correlation will be used in the uncertain 
models.  Figure 5-1 illustrates the 50% correlation relationship between office rent and condo 
prices.  The Y-axis is office rents per square foot and X-axis is the condo sales price per square 
foot.  Table 5-4 summarizes the Sample Distribution Stats. 
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Table 5-4 – 50% Correlation of Revenues9 
Sample Distributions Statistics: 
 Condo Office 
Mean 1,377 85 
Maximum 2,010 129 
Minimum 683 37 
Std.Dev 274 16 
STD/Mean 20.33% 19.58% 
Correl 49.92%  
 
 
 
 
Figure 5-1 – Projected Revenue Correlation @ 50%  
 
                                                       
9 Output from Triangular Distribution Sheet. SimDistInputsTriand.xls (Geltner, 2009) 
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5.6   Office Only Scenario with Market Uncertainty 
 
Table 5-5 – Office Only Uncertain  - NPV Results 
Office Only – Combined Analysis 
Mean  $          1,130,877,313  
Max  $           3,914,658,919  
Min  $        (1,631,099,258) 
STD  $              942,085,372  
 
The valuation of the Office Only with Market Uncertainty builds upon the Office 
Deterministic model but replaces the 2013 rent as discussed in Section 5.5.  The other inputs and 
assumptions in the model remain the same.  The Monte Carlo simulation computes 2000 
iterations randomly selecting a rent value plus or minus 20% (averaged) of the deterministic $85 
rent. Table 5-5 summarizes the NPV of the two towers combined as an office only development.  
The ENPV of the Office Only in this scenario is $1,130,877,313, which is approximately 1.5% greater 
than the deterministic Office Only NPV.  When the NPVs of the two office towers are combined, 
the worse case scenario shows a NPV of approximately -$1.63 billion and a best case NPV at 
$3.91 billion.         
One thing to note, the Monte Carlo simulation will not always compute the same ENPV, 
as it is an average NPV of 2000 randomized variables.  As the amount of iterations is increased, 
there is less fluctuation in ENPV.  Conducting only 20 iterations would give you a wide range of 
ENPVs. 
Figure 5-2 is a histogram that graphically compiles and displays all the possible NPVs 
proportionally to their value.  Figure 5-3 is the output VARG chart that graphically shows the 
probability of reaching a certain NPV. According to the VARG chart, there is an approximate 
12% chance that the project will have a negative NPV.   
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Figure 5-2– NPV Office Only Histogram 
 
 
Figure 5-3– Office Only VARG Chart 
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5.7   Condo Only Scenario with Market Uncertainty 
 
Table 5-6 – Condo Only Uncertain – NPV Results 
Condos Only – Combined Analysis 
Mean  $          1,097,494,548  
Max  $          3,581,866,248  
Min  $           (833,509,270) 
STD  $             829,608,865  
 
Like the Office Only with Market Uncertainty model, the valuation of the Condo Only with 
Market Uncertainty builds upon the Condo Deterministic model but replaces the 2013 sales price 
per square foot as discussed in section 5.5.  The other inputs and assumptions in the model 
remain the same.  The Monte Carlo simulation computes 2000 iterations randomly selecting a 
rent value plus or minus 20% (averaged) of the deterministic $1,377/SF. Table 5-6 summarizes the 
NPV of the two towers combined as a condo only development.  The ENPV of the Condo Only in 
this scenario is $1,097,494,548, which is approximately 13% greater than the deterministic Condo 
Only NPV. When the NPVs of the two condo towers are combined, the worse case scenario 
shows a NPV of approximately -$0.83 billion and a best case NPV at $3.58 billion. 
Figure 5-4 is a histogram that graphically compiles and displays all the possible NPVs 
proportionally to their value.  Figure 5-5 is the output VARG chart that graphically shows the 
probability of reaching a certain NPV. According to the VARG chart, there is an approximate 
10% chance that the project will have a negative NPV. 
Comparing the models the Office Only Uncertain has a higher MAX NPV of $3.91B than 
the Condo Only Uncertain with $3.58B.  However, there is less risk associated with Condo Only 
Uncertain model with its MIN NPV at $0.83B as compared with the Office’s -$1.63B.  The Office 
Only has a 12% chance of having a negative NPV, while the Condo only has 10%.   
Looking at the earlier deterministic models, it was clear that the Office Only scenario 
would be the best approach for the WTC Towers 2 and 3 to be built.  However, looking at the 
stochastic models, decision makers can make their decision depending on their risk tolerance. If 
they would prefer a “safer” and less risky use, the Condo Only scenario may be the better 
choice.  The Condo Only upside is about 8% less then the Office Only however the Office Only’s 
downside NPV is almost twice that of the Condo only.  
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Figure 5-4 – Condo Only Histogram 
 
 
 
Figure 5-5 – Condo Only VARG Chart 
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5.8   Flexible/Switch Scenario with Market Uncertainty 
 
Figure 5-6 – Possible Building Use Combinations 
 
Table 5-7 – Comparison of Office vs. Condo vs. Flexible – NPV Results 
Flexible Option Towers – Uncertainty 
  Office Only Condo Only Flexible 
Mean  $          1,130,877,313   $          1,097,494,548   $          1,413,361,554  
Max  $          3,914,658,919   $          3,581,866,248   $          3,958,289,115  
Min  $        (1,631,099,258)  $           (833,509,270)  $           (767,792,498) 
STD  $             942,085,372   $             829,608,865   $             799,811,433  
 
 
The Flexible model will now incorporate the Condo Only and Office Only uncertainty 
models and generate its ENPV based on which building use yields a higher NPV during the 
decision years at 2013 and 2017.  As illustrated before, Figure 5-6 shows the possible 
combinations for the site.  For example, if the office market is stronger then the condo market, 
both towers will be office.  However, if the office weaker than the condo market at 2013, but 
becomes stronger in 2017, the site will have Tower 2 to be a condo tower and Tower 3 as an 
office tower.  Table 5-7 will summarize the ENPV of the Flexible scenario and compare it with the 
Office Only Uncertain and Condo Only Uncertain scenarios.  As the table shows, the ENPV of the 
Flexible model is $1.413B, which is 25% and 29% higher than the Office and Condo scenarios, 
respectively.  The Flexible scenario is higher than the office and condo scenarios because the 
flexibility allows the ability the Flexible scenario to choose the higher NPV per decision year, 
hence minimizing on the losses and/or maximizes the return.  In addition, the Flexible scenario 
has the higher MAX NPV and the least MIN NPV when compared to the other two scenarios.  
 The VARG chart at Figure 5-8 supports this by illustrating that there is an approximate 4% 
chance that the Flexible scenario will have a negative NPV.  Unlike the previous mentioned 
VARG charts, the Flexible VARG chart overlays the Condo and Office scenarios and easily 
displays the probabilities of NPVs.  This provides an intuitive graphic for decision makers to 
choose the best scenario according to their risk preference.      
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Figure 5-7 – Flexible Histogram 
 
 
Figure 5-8 – Flexible VARG Chart 
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5.9   Valuation Conclusion 
After performing the valuation, we can now determine the value of flexibility (of switching 
building use) had it been incorporated in the original planning of WTC Towers 2 and 3. The 
equation approach and calculation is summarized below: 
 
Expected Value of Flexibility = ENPV (Flexible Case) – ENPV (Office Deterministic) 
Expected Value of Flexibility = $1,413,361,554 - $1,114,752,064 
Expected Value of Flexibility =  $298,609,490 
Expected Value of Flexibility  = Approximately 27% greater then Office Only NPV 
 
This implies, the Expected Net Present Value of flexibility is approximately $300M over the 
deterministic Office Only scenario.    
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CHAPTER 6 -  CONCLUSION 
 
The main goal of this thesis was to demonstrate how Real Options minimizes loses and 
maximizes gains through a hypothetical case study of the World Trade Center.  Subject to my 
assumptions and the limitations of my valuation models in Chapter 6, the application of flexibility 
in the development strategy of the World Trade Center Towers 2 and 3 proved to minimize the 
downside of unpredictable markets and was able to enhance the overall economic value of 
the project.  However, since the cost for flexibility was not taken into account, we do not know if 
the application of flexibility would have been financially feasible.  The costs of having two 
additional designs and the premium to having the flexible technologies in the base building 
foundation need to be incorporated.  In addition, the condo/flex program would not only need 
to seek approval from the planning and city agencies, but also from the critical public of New 
York City.  
A further study, perhaps more engineering focused, can be conducted to examine the 
physical feasibility of the switch option based in this thesis.  Another study topic can further 
investigate the past or current planning process of the WTC using the application of the Design 
Structure Matrix (”DSM”).  For a more quantitative study, research and analysis of historic data of 
office rent and condominium prices can be investigated to determine the appropriate 
correlation relationship of revenues to be incorporated in a Monte Carlo analysis.     
Overall, it is hoped that this thesis builds upon the existing Real Options literature so that 
decision makers will continue to take flexibility into consideration when developing a strategy in 
a large-scale development project.   
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APPENDIX 
 
Appendix A - WTC Timeline  
Compiled and modified from New York Times and Lower Manhattan Development Corporation websites 
 
July 2001 – Developer Larry Silverstein of Silverstein Properties Inc. (“SPI”) leases the World Trade 
Center (“WTC”) site from the New Jersey/New York Port Authority (“PA”).  The lease is for 99 years 
and requires Silverstein to pay $10 Million a month.  
September 2001 – Collapse of the World Trade Center Towers and surrounding buildings. 
November 2001 – The Lower Manhattan Development Corporation (“LDMC”) is created to 
oversee the redevelopment of Lower Manhattan and assist in the design of the WTC.  
July 2002 – the LDMC and PA unveil six proposals for the layout of the WTC site but later 
discarded for being unimaginative. In general, proposals the included 11 million SF of 
commercial office space, a 600,00 SF hotel and 600,000 SF of retail space.  
August 2002 – LDMC announces a global design competition for the site plan.  
September 2002 – LDMC selected 6 architectural teams, from 400 applicants, to take part in a 
design study conceiving the future plans for the WTC site.  
November 2002 – SPI unveil new plans for 7 World Trade Center, a 52 story commercial office 
building. This building was not part of the WTC master plan. 
December 2002 – Mayor Michael Bloomberg presented the City’s vision for Lower Manhattan. 
The City's Vision, which included proposals for opening the waterfront, building affordable 
housing, and ensuring downtown's future as a leader in the global economy, called for using 
public resources in bold, strategic ways to trigger private investment and public/private 
initiatives that will make Lower Manhattan a "downtown for the 21st century."  
December 2002 – The LDMC unveiled nine new plans to the WTC site. 
February 2003 – Two final plans emerge from architects Studio Daniel Libeskind and the THINK 
team. Both plans provide connectivity to the urban fabric of Lower Manhattan, ensure 
appropriate context for a memorial, and include structures that would become the largest 
buildings in the world.  Libeskind’s master plan is eventually selected. 
March 2003 - The LMDC and PA announced that they would jointly retain Studio Daniel Libeskind 
as the master design architect for the WTC site. Libeskind would be involved in all aspects of 
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planning, with the LMDC taking the lead on the memorial process and the Port Authority 
assuming primary responsibility for planning on-site transportation facilities and infrastructure. 
August 2003- A team led by the Spanish architect Santiago Calatrava was selected by the Port 
Authority of New York and New Jersey to design the downtown transportation hub planned for 
Ground Zero. Calatrava had drawn widespread acclaim for a number of transportation 
structures in Europe, including rail and subway stations in Lisbon, Portugal, and Valencia, Spain.  
May 2003 – SPI says that the Libeskind master plan will inspire but not build the buildings.  David 
Childs of Skidmore, Owings and Merrill leads the design of the Freedom Tower (WTC 1) with the 
design guidance of Libeskind. 
September 2003 - The Lower Manhattan Development Corporation unveiled a revised master 
plan for the World Trade Center site that made some important real-world adjustments while 
very much preserving Libeskind’s existing design, both in spirit and on the ground. 
December 2003 – The first schematic designs of the WTC 1 Tower is completed.  The plan calls for 
the building to be the tallest in the world.  
January 2004 – Michal Arad and Peter Walker unveiled the WTC Memorial plans for “Reflecting 
Absence”. The signature "voids" -- cascading pools sunken thirty feet into the footprints of the 
Twin Towers -- remained the centerpiece of the design.    
January 2004 – Santiago Calatrava unveiled his design for the transportation hub to be built at 
the World Trade Center site. The hub will sit at the northeast corner of the site at Church and 
Vesey Streets and is expected to form an underground connection between the World Financial 
Center and the Metropolitan Transportation Authority's proposed Fulton Street Transit Center. 
Through it, pedestrians will have access to Hudson River ferry terminals, PATH trains, 14 subway 
lines, and, potentially, a direct rail link to JFK International Airport. By 2020, the Port Authority 
expects the hub to serve 250,000 commuters and visitors daily.  
July 2004 - The Freedom Tower groundbreaking ceremony marked Ground Zero's transformation 
from a clean-up and construction-preparation site to a rebuilding progress. It also marks the 
culmination of more than two years of planning and public participation, collaboration between 
city and state agencies, and the work of international architects and engineers. 
August 2004 – The Police and Fire Departments alert the PA that the WTC 1 Tower has security 
issues and flaws.  These concerns force a redesign. 
May 2005 - A new design is announced that addresses the security concerns.  
June 2005 - A revised design for the Freedom Tower at the World Trade Center site was revealed. 
Maintaining the symbolic 1,776- foot height of the original, the new tower will feature a larger, 
cubic base -- the same size as the footprints of the Twin Towers -- and will be set back further 
from West Street, alleviating security concerns raised about the earlier design. 
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October 2005 – Mayor Bloomberg implies that SPI should be removed the development project.  
December 2005 - Governor George Pataki and developer Larry Silverstein introduced Lord 
Norman Foster as the architect for the site's "tower two" ("WTC 2”). The tower, located at 200 
Greenwich Street was planned to be the third building to open at the WTC site, following 7 WTC's 
opening next year (2006) and the Freedom Tower's proposed debut in 2010.  
April 2006 – Governor Pataki and Mayor Bloomberg push SPI to cede two towers. The PA retakes 
control of portions of the site.  SPI agrees to yield control of the WTC 1 and WTC 5 to the PA. 
May 2006 – Seven World Trade Center, one of SPI’s controlled office buildings, opens.  
September 2006 – Designs for SPI’s three slim iconic Towers (WTC 2, WTC 3, WTC 4) that fill out the 
WTC’s east side are unveiled.  
September 2006 - Governor George Pataki, Governor Jon Corzine, and Mayor Michael 
Bloomberg announced a series of agreements between the Port Authority of New York and New 
Jersey and developer Larry Silverstein formalizing the conceptual framework for the World Trade 
Center site agreed upon by the two parties in April.  
December 2006 – The installation of steel beams for WTC 1 begins.  
May 2007 - Silverstein Properties and seven insurance companies reached a $2 billion settlement 
of all outstanding insurance claims arising from the destruction of the World Trade Center. The 
agreement, the largest in regulatory history, ends almost six years of legal wrangling and 
removes a major obstacle from the redevelopment of Ground Zero. 
September 2007 - World Trade Center officials and architects gathered for a public progress 
report on their designs and construction plans for WTC Towers Two, Three, and Four, announcing 
that the three iconic east-side towers have been refined and nearly finalized and the teams 
have entered the last phase of design-development plans.  
February 2008 - The Port Authority begins turning over the southern portion of the east bathtub to 
developer Silverstein Properties, allowing foundation work for WTC Towers 3 and 4 to commence. 
Meanwhile, the Port continues massive excavation at the north end of the east bathtub where 
Tower 2 will rise. 
February 2009  - WTC 4’s foundation is complete.  
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Appendix B – WTC – Proposed Ground Floor Retail 
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Appendix C – WTC – Proposed Ground Floor Retail 
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Appendix D – Condo Massing Plans and Unit Mix 
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Appendix E – Office Only 10-Year DCF 
 
 63 
Appendix F – Office Only with Uncertainty 10-Year DCF 
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Appendix G – Condo Only Valuation Analysis 
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Appendix H – Condo Only with Uncertainty Valuation Analysis 
 
